The study of animal personality, defined as consistent inter-individual differences in correlated behavioral traits stable throughout time and/or contexts, has recently become one of the fastest growing areas in animal biology, with study species ranging from insects to non-human primates. The latter have, however, only occasionally been tested with standardized experiments. Instead their personality has usually been assessed using questionnaires. Therefore, this study aimed to test 21 common marmosets (Callithrix jacchus) living in three family groups, in five different experiments, and their corresponding controls. We found that behavioral differences between our animals were not only consistent over time, but also across different contexts. Moreover, the consistent behaviors formed a construct of four major non-social personality components: Boldness-Shyness in Foraging, Boldness-Shyness in Predation, Stress-Activity, and Exploration-Avoidance. We found no sex or age differences in these components, but our results did reveal differences in Exploration-Avoidance between the three family groups. As social environment can have a large influence on behavior of individuals, our results may suggest group-level similarity in personality (i.e., "group personality") in common marmosets, a species living in highly cohesive social groups. Am. J. Primatol. 78:961-973, 2016.
INTRODUCTION
The psychology of personality in humans has been well established for more than a century [Galton, 1883] , but surprisingly, consistent interindividual differences in animals were treated as noise and were, with some exceptions [Hebb, 1946] , largely neglected up until 3 decades ago [e.g., Huntingford, 1976 ; for reviews please see Carere & Maestripieri, 2013; Koolhaas et al., 2010; Nettle & Penke, 2010; R eale et al., 2007] . Since then researchers have realized that personality variation is an important component of biological diversity [Smith & Blumstein, 2013] and highly relevant to evolution [Wolf et al., 2007] . Researchers from various fields in biology and psychology (behavioral ecology, comparative psychology, genetics, neuroendocrinology, development, evolution) studying species ranging from invertebrates such as octopuses to non-human primates such as chimpanzees shifted their attention to personality [for reviews see Bell et al., 2009; Bergm€ uller & Taborsky, 2010; Bouchard & Loehlin, 2001; Dall & Griffith, 2014; Gosling, 2001; Koski, 2014; R eale et al., 2010; Stamps & Groothuis, 2010] . By definition, animal personalities are consistent ways in which animals of the same species differ in their behavior, over time and/or across different situations and/or contexts [Gosling, 2001; R eale et al., 2007 Sih et al., 2004] . For non-human animals, five major axes of continuous personality traits have been suggested, the first three being nonsocial ones (as they do not necessarily include the Contract grant sponsor: FWF (Austrian Science Fund); contract grant numbers: Y366-B17, P26806; contract grant sponsor: Uni: Docs doctoral fellowship program of University of Vienna; contract grant sponsor: Education and Culture Lifelong Learning Programme Erasmus presence of a conspecific) and the last two being social ones (as they are connected to the presence or absence of conspecifics): Boldness-Shyness (reaction to any risky situation, e.g., predators in a non-novel situation), Exploration-Avoidance (reaction to a new situation, e.g., environment, food, or object), Activity (the level of activity in a non-novel environment), Aggressiveness (aggressive reaction to a conspecific) and Sociability (reaction of an animal to the presence or absence of a conspecific) [R eale et al., 2007] . These traits are sometimes investigated in a social setting, namely with other conspecifics (in dyads, subgroups, or whole groups) [e.g., Fairbanks, 2001; Koski & Burkart, 2015; Massen et al., 2013] , and sometimes in a solitary setting (individually, e.g., Dammhahn, 2012; Dingemanse et al., 2002; Koski & Burkart, 2015; this study) . Although these five traits are usually considered as standard personality traits, using a more bottom-up approach includes the possibility that additional behavioral axes can also be part of personality [Koski, 2014] .
Most primates live in highly complex social systems consisting of short-and long-term social bonds and networks of interactions (affiliative or agonistic relationships, kinship, dominance hierarchies, alliances, etc.), and have a very rich behavioral repertoire [Chapais, 2001; Massen et al., 2010; Silk, 2007] . In such animals, personality could influence many aspects of daily life, for example group composition, group stability, social networks, individual behavior, dispersal, fitness, and so on, as has been shown in many taxa [Coleman, 2012; Croft et al., 2004; Krause et al., 2010; Massen & Koski, 2014; Seyfarth et al., 2014; Smith & Blumstein, 2008] . Although there have been some terminological and methodological discrepancies in measuring personality traits across different taxonomic levels , researchers of non-human primates have assessed personality with one of the three following methods so far: personality ratings of individuals via questionnaires, behavioral measurements/ratings in the animals' home environment or behavioral measurements in a series of standardized personality tests [Freeman et al., 2011; Stevenson-Hinde et al., 1980b; Weinstein et al., 2008] .
In the first method, researchers take two substantially different approaches. In one approach, personality is assessed using a so-called "five-factor model" (FFM) [Digman, 1990] accompanied by questionnaires adapted from the human personality psychology [King & Figueredo, 1997; Weiss et al., 2006] . Here, human observers (i.e., animal caretakers or researchers) fill out species-specific versions of questionnaires that typically contain a series of descriptive adjectives and their explanations. Each animal is rated on a five-or seven-point (Likert) scale based on how well the adjective reflects its personal characteristics and personality scores are calculated from these values [Gosling, 2001] . These scores are then clustered in the five personality traits that follow from the human personality literature (aka "The Big Five": Costa & McCrae [1992] ), i.e., Agreeableness (A), Conscientiousness (C), Extraversion (E), Neuroticism (N), and Openness to Experience (O) [Digman, 1990] . As this approach uses different pre-defined axes, comparative research that aims at understanding the evolution of personality traits in different animal lineages is limited. In the other approach, researchers use a more bottomup procedure to determine how adjectives from the questionnaires are grouped together into factors for the species of interest [Uher, 2008] , which allows a better understanding of personality across different animal taxa [e.g., Capitanio, 1999 Capitanio, , 2004 Capitanio & Widaman, 2005; McGuire et al., 1994; StevensonHinde & Zunz, 1978; Stevenson-Hinde et al., 1980a, b; Uher, 2011a,b; Uher et al., 2013b] . Surprisingly, across research groups and model species, a degree of consistency in major dimensions of personality has been found, including, but not limited to, Confidence/ Aggressiveness, Sociability, Excitability/Reactivity, and Equability [cf. Capitanio & Widaman 2005; Capitanio, 2004; Gosling, 2001] .
The second method used by non-human primate researchers relies on more traditional ethological methods and assesses personality through recordings of different behaviors that animals exhibit in daily (social) life, either in the wild or in their home enclosures in captivity. This method focuses on those behaviors that are commonly found in a species' behavioral repertoire [Capitanio & Widaman, 2005; Koski, 2011; Rouff et al., 2005; Sussman et al., 2013; Uher et al., 2013b] and can be regularly collected via focal protocols. Using this method, researchers have recently found that, similar to most other animals, primates show consistent inter-individual differences [Koski, 2014] regard-] regarding Boldness (i.e., Boldness-Shyness) [Rouff et al., 2005] , Activity [Koski, 2011] , and Anxiety (stress-related behavior) [Koski, 2011] . Additionally, these studies found consistent inter-individual differences in social personality traits, that is, in Sociability [Koski, 2011; Rouff et al., 2005] and Aggressiveness [Rouff et al., 2005] , but also in some previously unreported social traits, for example GroomingEquitability and Positive Affect [chimpanzees, Pan troglodytes: Koski, 2011] . One drawback of this method, however, is that it focuses on common behaviors and might overlook animals' reactions to rare occurrences that might also reflect personality, for example reactions to predators or novel objects/ environments (i.e., Boldness-Shyness & ExplorationAvoidance). Also, this method is to some extent limited by the fact that individuals are usually tested in a group setting, which might be a confounding factor in achieving individual scores that are not influenced by group dynamics [but see Koski, 2011] .
To overcome this problem the third method aims at gathering personality information that is rarely observed in daily life, using sets of standardized tests. Typically, these tests contain either a degree of novelty, for example a novel object/food, a frightening stimulus such as a predator, or an altered social environment, for instance a solitary or a group condition (i.e., different social setting). All behaviors (latencies, frequencies, and durations) are recorded during a fixed time period on two or more occasions. Afterwards, consistency across time, contexts and situations can be quantitatively measured, which makes this method reliable and reasonably objective, and also allows cross-species comparisons. To date, several non-human primate studies have used this approach to assess personality [Capitanio, 1999; Capitanio et al., 2012; Carter et al., 2012; Dammhahn, 2012; Fairbanks, 2001; Hebb, 1946; Koski & Burkart, 2015; Massen et al., 2013; Schneider et al., 1991; Stevenson-Hinde et al., 1980b; Uher et al., , 2013a . For instance, Massen and colleagues [2013] tested 29 adult chimpanzees in a group setting in a battery of ten experiments. They found two different personality axes, namely Exploration-Persistence and Boldness. Similar results emerged from a study that tested 117 gray mouse lemurs in two tests (novel object and open field) over a 3-year period [Dammhahn, 2012] . Lemurs exhibited consistent inter-individual variation and intra-individual consistency in Boldness, Exploration, and Activity. Another study by Uher and colleagues [2008] tested four great ape species in a number of experimental tasks and found high temporal consistency in behaviors and low crosssituational consistency in responses (before feeding and afternoon conditions).
Callitrichids represent the smallest primates, which makes them vulnerable to predation from raptor birds and snakes [Grzimek, 2003] , careful with novel objects and spaces [Fragaszy & Visalberghi, 2004] , and thus, a particularly interesting species for studying the non-social personality axes. Previous studies noted that individual common marmosets (Callithrix jacchus) differ in their reactions to various stimuli, and that this is consistent within an individual, over time [Gunhold et al., 2015] . Indeed, Koski & Burkart [2015] have recently found experimental evidence for personality in this species. The animals were tested for Boldness, Exploration, and Persistence in a social setting in a battery of eight tests. Two experiments from this test battery were conducted again a year after the initial testing, but in a solitary setting and only once per individual and test. The consistent behaviors that emerged from this study formed two independent constructs: Boldness and Exploration. The authors found that both constructs were influenced by other group members in a social condition, resulting in a long-term effect of group-level similarity in personality. Additionally, whereas Boldness scores showed high consistency across solitary and social conditions, there were inconsistencies in Exploration scores between these two conditions, suggesting that these marmosets showed short-term plasticity based on social influences in Exploration.
Note that, unlike in the social setting, Koski & Burkart's study [2015] does not provide experimental evidence for personality in the solitary setting, as the solitary condition was only conducted once per individual. Thus, the monkeys were not re-tested to account for the repeatability of behavioral measurements. Although testing gregarious animals in a social setting is sensible because a social environment depicts normal behavior well [Koski, 2011] , ecologically relevant arguments can be made why they should be also tested individually. On one hand, animals do not always encounter several possible daily life challenges like predation events or novel food as a group; on the other hand, repeated social interactions often modify (i.e., hinder through conformity or accentuate through facilitation) the expression of individual behavioral traits as found in dominance hierarchies and mating opportunities [Crockford et al., 2007; Webster & Ward, 2011] . Hence, it is very likely that the picture obtained by testing animals solely in a social setting is not complete [see also Koski & Burkart, 2015] . Furthermore, as most studies on non-primates were conducted in a solitary setting, comparative research with studies in a social setting remains difficult.
In this study, we aimed to assess inter-individual differences of common marmosets (Callithrix jacchus) in standardized repeated individual tests that, to our knowledge, have not been applied to marmosets yet. Specifically, we confronted captive marmosets twice (to test for repeatability) and in a solitary setting with five different experiments: (i) General Activity; (ii) Novel Food; (iii) Novel Object; (iv) Predator; and (v) Foraging Under Risk. Additionally, we designed all experiments with corresponding controls, as previous studies have raised the issue of the importance of controls in animal personality research [Carter, 2013] (see Methods and Results sections of this article and SEM for further details on controls). As our subjects were tested in experiments designed to capture non-social personality traits, we hypothesized that these behaviors may form clusters of non-social personality traits, namely Boldness-Shyness, Exploration-Avoidance, and Activity.
METHODS

Subjects
We tested 21 common marmosets (Callithrix jacchus) (12 males, 9 females) born in captivity and housed in three different family groups at the Department of Cognitive Biology, University of Vienna, Austria. Each group lived in an indoor cage (250 Â 250 Â 250 cm) of wire mesh connected to an outdoor cage (250 Â 250 Â 250 cm), and an experimental cage (146 Â 36 Â 110 cm) via a passageway system of tunnels with moveable doors. Each home enclosure contained wood shavings as floor bedding material and had plenty of enrichment objects (branches, ropes, platforms, blankets, sleeping boxes, tunnels). Visual contact between the family groups was prevented by an opaque plastic barrier between the adjacent cages, while acoustic and olfactory contact was possible. Temperature was maintained at 24-26°C at all times, and humidity was kept at 40-60%. Daylight was the main source of lighting, but additional lamps were placed above the enclosures to provide additional light to the animals in winter, and consequently they were maintained on a stable 12:12 hr light:dark cycle. Heating lamps were always available at certain places on top of each enclosure. The animals were fed daily at noon with a selection of different fruits, vegetables, grains, milk products, pellets, marmoset jelly, protein and vitamin supplements, and insects. Water was provided ad libitum. The housing conditions were in accordance with Austrian legislation and the European Association of Zoos and Aquaria (EAZA) husbandry guidelines for Callitrichidae. The research complied with protocols approved by the institutional board for animal experimentation (license number 2014-016) and adhered to the legal requirements of Austria. The study also adhered to the American Society of Primatologists' principles for the ethical treatment of primates.
Experimental Design
Experimental testing occurred between February and May 2012. All experiments were conducted in an experimental cage (146 Â 36 Â 110 cm) (see Fig. 1 ). Before experiments began, the subjects received a 2-week habituation phase with the experimental cage, the passageway system, the experimental routine and the experimenter (V S). During this time, the monkeys had access to the experimental cage for 30 min each day with food rewards, first as a whole family group and later individually.
Each experiment started when the entrance door of the experimental cage opened and lasted 5 min. The experimental set-up was placed on an opaque plastic plate in the furthest point of the experimental cage (on the ground, diagonal to entrance door). The plate was changed for the different family groups to avoid olfactory interference. For the purpose of analysis, we virtually divided the experimental cage into four different compartments. Thus, the compartment containing the opaque plastic plate represented "proximity" (i.e., near to the experimental set-up), whereas the one furthest away from it represented "distance" (i.e., far from the experimental set-up) (see Fig. 1 ).
Tests were conducted in the morning (9-12 am). We tested all animals in five different tests: (i) General Activity; (ii) Novel Food; (iii) Novel Object; (iv) Predator; and (v) Foraging Under Risk, and their controls: (vi) Novel Food Control; (vii) Novel Object Control; (viii) Predator Control; and (ix) Foraging Under Risk Control (Fig. 2 ). All subjects were tested with only one of the tests per testing day, with a 5 days break between testing days. Three days before the testing day, animals were tested with a matched control, to be able to isolate the effects of the testing from reactions to the testing situation, i.e., to be able to carefully interpret behavioral responses to novelty, predator, and other contexts as suggested by Carter [2013] (e.g., in the food related tasks controls were done to distinguish between food motivation and responses to novelty). All tests were conducted on two different occasions: the first test session was followed by a 14 days break without testing, and then the second test session was repeated. The order of subjects and tests was randomized, except for the General Activity Test (GA), which was always conducted first for all the monkeys.
Tests
The GA measured the baseline behavior of the subjects in the empty experimental cage, which allowed us to specifically target the personality trait Activity (for a graphical representation of all tests and their controls see Fig. 2 ). The Novel Food Test (tNF) measured the behavior of the subjects confronted with a piece of novel food; i.e., we placed a novel food item (a macadamia nut in the first test session, a chestnut in the second test session) on a porcelain plate already known to the animals, in the experimental cage. Similarly, the Novel Object Test (tNO) measured the behavior of the subjects confronted with a novel object (a small green spiky plastic ball in the first test session, a big blue plastic ball with holes in the second test session). Both novelty tests were designed to target the personality trait Exploration-Avoidance. The Predator Test (tP) measured the behavior of the subjects faced with a (model of a) predator (a plastic snake model placed on the opaque plastic plate and partially hidden in leaves). The Foraging Under Risk Test (tFUR) measured the behavior of the subjects confronted with a food reward and a potentially dangerous stimulus at the same time. In a pilot experiment, the subjects emitted mobbing/vigilance calls in the proximity of the skin of a lychee fruit. We assume that the texture resembles the skin texture of a predator, most likely a snake. Therefore, we used lychee fruit together with skin as a proxy for a dangerous stimulus. We covered the experimental plate with saw dust, placed a small transparent box containing valuable food rewards (five mealworms) on the furthermost part of the experimental plate, and placed the lychee fruit in front of the box. Both tests with "dangerous" stimuli were designed to target the personality trait Boldness-Shyness.
Controls
Experimental procedures of the controls were similar to their corresponding tests: in the Novel Food Control (cNF) we placed a familiar food item (a small piece of banana in both test sessions) on the porcelain plate instead of a novel food; in the Novel Object Control (cNO) a familiar object (string ball) instead of a novel object; in the Predator Control (cP) we did not hide a model of a predator in the leaves, but just placed the leaves on the experimental plate; and in the Foraging Under Risk Control (cFUR) no lychee fruit was placed in front of the transparent box containing the valuable food rewards. 
Data Coding
We recorded all behaviors of the subjects in the experimental cage from two different angles using two video cameras. One camera (SONY DCR-SR35E) was placed on a tripod in front of the cage (focusing on the experimental set-up), and the other camera (SANYO VPC-WH1) was handled by V S, focusing on the subject and its behavior. We analyzed the videos using Solomon coder beta v. 12.09.02 [P eter, 2012] . For each test, we coded several behavioral parameters (see SEM, Table SI for more details on the variables).
For reliability purposes TG recoded 10% of the tests. Inter-observer reliability was excellent both for frequencies (ICC (3,1) 
Data Analysis
We analyzed the data using SPSS Statistics v. 20.0 (IBM). First, we tested for consistency over time.
To estimate the repeatability of the behavioral measures from tests in the first and second test session, we used intra-class correlation coefficients (ICCs). This coefficient is a mathematical equivalent to the standard repeatability test, i.e., it accounts for the proportion of variation in behavior that is responsible for inter-individual variation, compared to that of intra-individual variation [Falconer & Mackay, 1996; Lessells & Boag, 1987] . As personality is defined based on temporal consistency, the ICC value of the two repeatable variables had to show significant repeatability (P < 0.05) in order for a variable to be included in further analyses (see SEM, Table SII for significantly repeatable variables, and all variables measured). Subsequently, we calculated an individual mean value for these variables over the two repeated experiments.
Second, we tested the consistency of variables across different tests that we assumed were part of the same context (i.e., novelty (tNF and tNO), dangerous stimulus (tP and tFUR)) using ICCs, to identify cross-contextual consistency of each behavioral variable. A variable was considered contextually consistent if the ICC value of the same variables from two different tests was significant (P < 0.05) (see SEM, Table SIII ). If so, we calculated an individual mean value across the experiments. However, since the tests for contextual consistency were based on how we perceived contextual similarities, which might differ from the perception of the marmosets themselves, we also tested other contextually similar combinations (e.g., food-related: tNF and tFUR, predator/neophobia-related: tP, tFUR, tNO, and tNF). Also, we did not omit the variables that did not show contextual consistency, entering the measures of the different tests as separate variables into further analyses instead.
Third, we entered all remaining variables into a principal component analysis (PCA), to investigate whether and how these variables were associated with each other as traits. Eigenvalues (>1) and scree plots were used to assess the number of factors to extract. The PCA-solution was Varimax-rotated and variable loadings >AE0.4 were considered salient ( Table I ). The analysis was repeated with a direct Oblimin rotation to elucidate the independence of the components [Tabachnick & Fidell, 2007] . Additionally, due to the relatively small sample size (N ¼ 21), which could potentially lead to an unreliable solution in the PCA, we used a bootstrapping procedure to evaluate the stability of the factor structure [Diaconis & Efron, 1983; Zientek & Thompson, 2007] . A bootstrap component (or factor) analysis is useful for ascertaining the number of factors/ components to retain or the replicability of the pattern/structure coefficients [cf. Lorenzo-Seva & Ferrando, 2003; Zientek & Thompson, 2007] . In this procedure, separate principal component analyses were conducted on subsets of the sample (i.e., 1,000 random resamples) [cf. Capitanio, 1999] , and we used a program syntax for SPSS published by Zientek & Thompson [2007] (see SEM, Table SIV) . Furthermore, we used the regression method to obtain component scores for the obtained PCA constructs. This method produces scores that have a mean of zero and a variance equal to the squared multiple correlation between the estimated and the true component values [cf. Massen et al., 2013] .
We used Generalized Linear Mixed Models (GLMMs) to assess the influence of age (continuous variable, 2-13 years), sex (12 males, 9 females), and family group (1, 2, and 3) on the derived component scores. In the initial full models, we included group, sex, age, and all two way interactions as fixed factors. Thereafter, we used a backward step-wise approach to find the best fitting model based on comparisons of the corrected Akaike Information Criteria (cAIC). In the SEM, we report best fitting models (see SEM, Table SV ). Based on the results of the models, we calculated post-hoc analyses using Mann-Whitney U-tests. For those post-hoc analyses, we report P-values after Holm Bonferroni correction [Holm, 1979] . Finally, we compared the temporally significantly repeatable behavioral variables from the tests with the same variables from the controls (see SEM, Table SVI) using Wilcoxon Signed Rank tests. All tests were two-tailed and we set alpha to 0.05.
RESULTS
We found that across the two test sessions, 24 variables were significantly repeatable (out of a total of 62 variables measured across different experiments) (see SEM, Table SII), indicating temporal consistency of these behaviors between the two test sessions. The ICC repeatability values ranged from 0.37 to 0.87 (see SEM, Table SII ). Only these 24 behavioral variables were included in further analyses of cross-contextual consistency. We first calculated an individual mean value of these variables over the two repeated experiments and then tested their internal consistency between different experiments (see SEM, Table SIII). We found that some of the variables showed significant cross-experimental consistency (i.e., "locomotion" in GA, tNF, and tNO, ICC ¼ 0.631, P ¼ 0.004; "compartment alternations" in tNF and tP, ICC ¼ 0.769, P < 0.001; "proximity" in tNO and tFUR, ICC ¼ 0.655, P ¼ 0.011; "distance" in tNO, tP, and tFUR, ICC ¼ 0.694, P < 0.001; "selfgrooming" in tNF and tNO, ICC ¼ 0.899, P < 0.001), whereas others did not (see SEM, Table SIII ). The variables that showed significant consistency across experiments were averaged (i.e., the single mean value was calculated across different experiments), to obtain a single trait score for further analyses [cf. Massen et al., 2013] : "self-grooming", "locomotion", "compartment alternations", "proximity", and "distance". Cross-experimentally inconsistent variables were kept for further analyses as unaveraged scores: "manipulation", "contact calls", "vigilance calls", "body latency", and "touch latency". Similarly, "stress behavior" as the only temporal repeatable measure of its kind was also kept as a single variable and included as such into further analyses.
To investigate whether and how these variables (i.e., trait scores) are associated with each other as constructs, variables were entered in a PCA. In sum, 16 variables were entered into the PCA to assess the covariance among them. The PCAsolution was Varimax-rotated and variable loadings >AE0.4 were considered salient ( Table I ). The analyses indicated appropriate sampling adequacy (Kaiser-Meyer-Olkin measure, KMO ¼ 0.501; Bartlett's Test of Sphericity, P < 0.001), and all variables had communality estimates >0.401. We then evaluated the stability of the factor structure with running a bootstrapped PCA (i.e., 1,000 random resamples). We used a program syntax for SPSS, published by Zientek & Thompson [2007] , with which we could examine standard errors, compare the sample to mean bootstrap results, and investigate the ratio of the mean bootstrap results to standard errors [Zientek & Thompson, 2007] . Indeed, our factor solution was remarkably stable (see SEM, Table SIV ). We extracted four components, which together explained 81.13% of the variance. The first component explained 38.9% of the variance. This component had high positive loadings (>0.7) of "vigilance calls", "body latency", and "touch latency" in tFUR, and high negative loadings (<À0.7) of "manipulation" in tFUR and of the mean value of "proximity" in the different tests. This component also had salient positive loadings (>0.4) of the mean value of "distance" in the and "compartment alternations" in the different tests and of "stress behavior" in tNF. Moreover, it had salient negative loadings (<À0.4) of "manipulation" and of "touch latency" in tNF. Since variables that had highest factor loadings in this component were related to stress and activity [see SEM, Table SI , Barros et al., 2000; Stevenson & Poole, 1976] we labeled this component Stress-Activity. Finally, the fourth component explained 10.4% of the variance. It had high positive loadings (>0.7) of the mean value of "self-grooming" in the novelty tests (tNF & tNO) and of "contact calls" in GA. It also had salient positive loadings (>0.4) of "touch latency" in tNF, and salient negative loadings (<À0.4) of "manipulation" in tNF.
As it consisted of variables related mainly to exploration tendencies, we labeled it ExplorationAvoidance. We re-ran the analysis with a direct Oblimin rotation and this rotation resulted in a rotated solution almost identical to the Varimaxrotated one regarding the variable loadings. Moreover, the extracted components did not correlate strongly with each other (highest factor intercorrelation after direct Oblimin rotation: r ¼ À0.24). Finally, we ran Generalized Linear Mixed Models (GLMMs) to assess the effect of sex, age, and group on all four factors (components). The best fitting models revealed no sex or age differences (see SEM, Table SV) . We did find a difference between groups with regard to Exploration-Avoidance (F ¼ 26.544, df 1,2 ¼ 2, 15, P < 0.001), but not for any other factor. Additionally, we found an interaction-effect of group and sex, also with regard to Exploration-Avoidance (F ¼ 14.996, df 1,2 ¼ 3, 15, P < 0.001), but not for any other factors. In contrast, all other interactions were either not present in the final models or non-significant irrespective of the factor tested (see SEM, Table SV ).
Visual inspection of our data revealed that the interaction effect of group and sex on ExplorationAvoidance might have been solely due to one female, as her factor score was almost two standard deviations higher than the rest of her group. Re-analyses of the data without this female confirmed this, since the interaction effect was lost in the subsequent final model on Exploration-Avoidance (group Ã sex; F ¼ 0.141, df 1,2 ¼ 2,15, P ¼ 0.870). In contrast, the initial group effect remained significant (F ¼ 5.248, df 1,2 ¼ 2, 15, P ¼ 0.019), suggesting it was a consistent effect. Post-hoc analyses without the female revealed that group members of group 2 had significantly lower factor scores (after HolmBonferroni correction) with regard to ExplorationAvoidance than members of group 3, whereas all other combinations of groups showed no significant differences (Mann-Whitney U-tests: group 1 vs. group 2: U ¼ 7, Z ¼ À1.705, P ¼ 0.106, group 2 vs. group 3: U ¼ 5, Z ¼ À2.662, P ¼ 0.006, group 1 vs. group 3: U ¼ 14, Z ¼ À0.878, P ¼ 0.380; Fig. 3) .
Finally, we compared tests with the controls using Wilcoxon Signed Rank tests. As expected, behavioral responses always differed significantly between the tests and the corresponding controls in predator and foraging under risk conditions, and they differed significantly in most of the food and object conditions (see SEM, Table SVI) . Consequently, these results validated our experimental approach.
DISCUSSION
In this study, we investigated the consistency of inter-individual differences in common marmosets, Fig. 3 . Exploration-Avoidance factor scores per group; box limits indicate the 25th and 75th percentiles as determined by SPSS software; whiskers extend 1.5 times the interquartile range from the 25th and 75th percentiles, outliers are represented by dots. N ¼ 5, 7, 8 sample points.
ÃÃ P < 0.01, ns ¼ non-significant.
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with the aim to show three non-social personality traits (Activity, Boldness-Shyness, and ExplorationAvoidance). In contrast to previous studies, we tested the monkeys in a solitary setting, using five different experiments (GA, tNF, tNO, tFUR, tP) and their corresponding controls (cNF, cNO, cFUR, cP). Repeated solitary testing allowed us to eliminate possible social influences such as audience effects and/or social facilitation, and to obtain unbiased individual personality scores at two different time points. The use of controls allowed us to isolate the effects of testing from reactions in the test situation. We found that the individuals differed in most of their behavior consistently over time and across different contexts, which perfectly fits the definition of personality [R eale et al., 2010] . These repeatable behaviors formed a construct of four major dimensions: Boldness-Shyness in Foraging, Boldness-Shyness in Predation, Stress-Activity, and Exploration-Avoidance. We found no sex or age differences in these components, but we detected a difference between the groups with regard to the component Exploration-Avoidance. We found temporal repeatability in 24 (out of 62) behavioral variables and the degree of this repeatability was within the repeatability range of behaviors described in other species, as it has been argued that approximately 35% of the variation among individuals in behavior can be attributed to personality [Bell et al., 2009] . Moreover, we did not only consider significance, but also effect-sizes (i.e., ICCvalues), which were moderate to very high. Note that behavioral responses varied in their temporal consistency in different experiments: i.e., whereas many behaviors (e.g., target manipulation, calls, movement patterns, position in the cage, some latencies) were fairly repeatable, others, like entering latencies, were not. This finding is to some extent in accordance with previous studies. Massen and colleagues [2013] suggested that this temporal inconsistency in latencies could be due to a habituation effect, specifically in novelty (here, tNF or tNO), or a decrease of the perceived threat (here, tP or tFUR) with regard to predator models.
We tested 24 mean values of temporally consistent variables for their contextual consistency, across multiple tests. We predicted that the monkeys would have a similar response in tests of the same personality trait (Activity: GA, Boldness-Shyness: tFUR and tP, Exploration-Avoidance: tNO and tNF) [Stamps & Groothuis, 2010] , or in tests of other contextually similar combinations (e.g., food-related: tNF and tFUR, predator/neophobia-related: tP, tFUR, tNO, and tNF). As expected, some variables did indeed show significant cross-experimental consistency. For example, locomotion was consistent in GA, tNF, and tNO, suggesting that novelty might have an impact on the excitement, and therefore on the duration of locomotion, as this was consistent not only in tNF and tNO, but also in GA which was conducted first for all monkeys. Self-grooming was consistent in novelty tests (tNF and tNO). Time spent in proximity of the stimulus was consistent across some novelty and food-related tests (tNO and tFUR) which might be explained by a high level of curiosity. Time spent distant from the stimulus was consistent in two contexts with frightening stimuli (tP and tFUR) and one context with novelty (tNO). The number of compartment alternations (potential measure of Activity) was consistent in one novelty (tNF) and one predatory context (tP), which might be explained by both predator-avoidance mechanisms and neophobia. Note that there could be several reasons why not all of our parameters were contextually consistent. For instance, latency to approach could be affected by different motivations in a predator context and in a novel food context. Even though the definition of personality does not require consistency in both time and context, we are open to the argument that a "personality" trait that is not consistent across contexts might actually reflect independent traits.
The PCA analysis indicated four independent principal components (Table I) , and the factor solution remained stable after performing a bootstrapping procedure of the PCA (see SEM, Table SIV ). Although this statistical tool supports the robustness of our results, we have to interpret our findings with caution due to the relatively small sample size. Notably, we did not expect that Boldness-Shyness would form two separate components, based on the context in which it was tested. The first principal component consisted mostly of risk-taking variables found in the foraging context. Variable loadings of this component indicated that shyer individuals emitted more vigilant calls and took longer to approach the stimulus, while bolder ones stayed in proximity to the stimuli and manipulated the food reward in tFUR for longer periods of time. Vigilant responses to threatening stimuli have already been used to classify boldness in male fowl alarm calls in response to a simulated overhead predator [cf. Carter et al., 2012; Nelson et al., 2008] . The second principal component consisted of similar behaviors, but were predominantly found in a predator context. In other words, vigilance calls loading on this component were mostly emitted by shy individuals that took longer to approach the predator model in tP and spent most time further away from the stimuli. In contrast, bolder individuals spent more time close to the stimuli, showed more stress behaviors and emitted more contact calls. In a study on vervet monkeys (Cercopithecus aethiops sabaeus), the boldest males also placed themselves at the highest risk of injury while responding to an intruder, whereas shy individuals took a safer, less risky approach [Fairbanks, 2001] . Similarly, Coleman & Wilson [1998] found that bolder sunfish Am. J. Primatol. engage more in predator inspection than shy individuals. Furthermore, they also fed more when they were exposed to a novel environment and acclimated more quickly to the laboratory setting than shy individuals. Interestingly, none of these studies found Boldness-Shyness forming two separate components. Further studies may reveal whether our findings can be treated as a special outcome of our tests/analyses or whether individuals consistently express different traits according to the type of risk involved. If the latter is true, such traits may have implications for the monkeys' life-histories.
Since most of the behaviors that loaded on the third principal component were related to activity of subjects and their stress response in given tests, we labeled this component Stress-Activity. Activity is often found as an independent personality trait, both in primates [Koski, 2011; Schneider et al., 1991; Stevenson-Hinde & Zunz, 1978] and non-primates [Bell, 2005] , and stress responses (sometimes labeled as "Excitability") have been shown as independent personality trait also in other studies [Capitanio, 1999] . Increased locomotion is one of the stress indicators in common marmosets [Bassett et al., 2003] , and sometimes variables related to subjects' activity and to their stress responses load on the same component (e.g., "Excitable") [Stevenson-Hinde et al., 1980b] , so it is not surprising that we found the same pattern in this study. Finally, the fourth component labeled Exploration-Avoidance consisted of traits related to explorative tendencies of marmosets. In other words, more explorative individuals manipulated objects longer and were faster to approach novel food, whereas avoidant individuals elicited more contact calls and showed more self-grooming. Similar to the study by Massen and colleagues [2013] on chimpanzees, Exploration-Avoidance formed a separate construct from Boldness-Shyness, supporting the notion that neophobia and boldness might be independent constructs Greenberg & Mettke-Hofmann, 2001 ].
We found no sex or age differences within the components, suggesting that our personality components are unaffected by demographic effects. Similar results were obtained in other studies on marmosets [Kemp & Kaplan, 2011; Koski & Burkart, 2015; Rogers, 1999] , and barnacle geese [Kurvers et al., 2009] ; in contrast, studies on zebra finches [Schuett & Dall, 2009] , gray mouse lemurs [Dammhahn, 2012] , vervet monkeys [McGuire et al., 1994] , and chimpanzees [Massen et al., 2013] did find effects of sex and/or age. Interestingly, our results did reveal differences between groups; i.e., with regard to Exploration-Avoidance, and an interaction-effect of group and sex with regard to Exploration-Avoidance. Members of group 2 had significantly lower factor scores in Exploration-Avoidance than members of group 3. Even though there was considerable withingroup variation of this factor score (see error bars in Fig. 3) , it seems that the personality traits of members from the same family group were more similar to each other than to members of a different group. These differences cannot be explained solely by genetic differences as the monkeys of both groups are not only genetically related to members of their own group, but also to members of the other group [cf. Koski & Burkart, 2015] . It should be noted that the results of these regression analyses have to be taken with caution, as the subject to variable ratio in the GLMMs was not very strong; i.e., 3.5:1 (but see Austin & Steyerberg, 2015 , that report that a subject to variable ratio of 2:1 is sufficient for an adequate estimation of regression coefficients, standard errors, and confidence intervals).
The found group differences support the notion that social environment can have a large influence on the behavior of individuals [Kralj-Fi ser et al., 2007; Sih & Bell, 2008] . Namely, it can both restrict the expression of behavioral traits through conformity and enhance them through facilitation [Webster & Ward, 2011] , making the behavior of individuals of the same group more similar. In a study on 75 chimpanzees in a social setting, significant grouplevel differences were found in four social personality traits that could not be explained by ecological factors [Koski, 2011] . Although we tested individuals in a solitary setting, we nevertheless obtained a groupspecific expression of an Exploration-Avoidance personality trait, and to our knowledge, this is the first study to show such a result using repeated individual testing in common marmosets. All our groups consist of an unrelated male and female and their offspring, so one possible explanation might be that similarity within groups is due to a combination of shared genetics and shared early social environment, which might be particularly true for offspring reared in these groups [cf. Fairbanks, 2001; Schneider et al., 1991; Suomi, 1987] . However, as group 2 and group 3 are genetically related, these differences cannot be solely explained by shared genetics. The other plausible explanation might be group-level similarity in personality (i.e., "group personality" [Koski & Burkart, 2015] ), even outside of an immediate social context. This behavior might be especially important for group-living species that might benefit from grouping when faced with predators [Landeau & Terborgh, 1986] . Callitrichids are no exception to this rule, with a wide array of anti-predator strategies [Caine, 1993; Ferrari & Ferrari, 1990] . When foraging for prey, resting, socializing, playing, grooming, etc., it seems to be of utmost importance for this species to maintain social cohesion within their family group [Fragaszy & Visalberghi 2004; Stevenson & Rylands, 1988] . Indeed, it has been shown that common marmosets' foraging behavior (that could be associated with exploratory behavior) is influenced by social learning both in captive [Bugnyar & Huber, 1997; Voelkl & Huber, 2000] and in wild populations [Gunhold et al., 2014a,b] , and thus group-level similarity in personality with regard to Exploration-Avoidance may be beneficial.
In a recent study by Koski & Burkart [2015] , common marmosets were found to show social modification of their personality traits across social and solitary conditions in a battery of tests. Moreover, in both conditions individuals showed group-level similarity in Boldness-Shyness. However, the same finding was not retained in Exploration-Avoidance, where marmosets adhered to their group only in a social context. The authors hypothesized that the mechanism that influences exploratory behavior might be influenced by group members, thus leading to social facilitation. Our study, in contrast, did find a group effect on ExplorationAvoidance in a solitary setting, suggesting that this group effect is not the result of short-term social facilitation, but rather of a long-term process that produces group-level similarity in behavior. As our study applied a more thorough approach with regard to personality in the solitary setting, we would like to suggest that marmosets may also show group-level similarity in Exploration-Avoidance in a solitary setting. This adds an important additional piece of knowledge about group-level similarity in personality, providing a stronger argument for the possible presence of not only short-term effects, but also long-term social effects leading to group cohesion, and possibly increasing group coordination and cooperation [Koski & Burkart, 2015] . Interestingly, unlike the Koski & Burkart [2015] study, our study did not find a group difference in Boldness-Shyness scores. It may be that Boldness-Shyness is indeed less susceptible to the effects of the social environment and is regulated by more internal genetic mechanisms. As our groups 2 and 3 were genetically related, this might be a plausible explanation for the absence of "group personality" in this trait, as opposed to the study by Koski & Burkart [2015] , where the monkeys did not share the same genetic background. However, this remains to be further investigated.
In sum, we found consistent inter-individual differences in 21 common marmosets in a solitary setting, using five different experiments (GA, tNF, tNO, tFUR, tP) and their corresponding controls (cNF, cNO, cP, cFUR). Individuals behaved consistently over time and across different contexts, revealing four major personality dimensions: Boldness-Shyness in Foraging, Boldness-Shyness in Predation, StressActivity, and Exploration-Avoidance. To our knowledge, this is the first study in which Boldness-Shyness appeared as two separate components, which calls for further investigation. A significant group difference with regard to the Exploration-Avoidance component in our solitary setting suggests that members of the same family group had more similar personalities than members of a different group in at least one trait, which is in line with the idea of group-level similarity in personality.
